Introduction
Neuroendocrine tumors (NET) are rare and a diverse group of neoplasms arising from neuroendocrine cells throughout the body, with the gastroenteropancreatic The treatment of inoperable, advanced NET is challenging due to limited therapeutic options. Although international guidelines have suggested potential treatment algorithms, the treatment of metastatic NET can vary widely based on patient factors as well as treatment centers due to lack of consensus for a single standard of care approach. Very few randomized controlled trials have been conducted in NET owing to the rarity of these tumors, and hence, the evidence supporting some treatment options is considered much weaker than for more common malignancies. 6 Patients with progressive NET of lung or GI tract have traditionally relied on somatostatin analogs (SSA), chemotherapy, and radiotherapy despite limited data from well-controlled, randomized clinical trials. SSA, such as octreotide and lanreotide, are the standard of care for symptom management in patients with functional NET. 7, 8 Furthermore, the antiproliferative effects of SSA have been confirmed in more recent prospective Phase III trials in patients with well-differentiated GEP-NET. 9, 10 Chemotherapy remained the only recommended therapeutic option in the treatment of advanced pancreatic NET (pNET) until the availability of novel targeted agents. Response rates reported from various retrospective studies of chemotherapy ranged from 25% to 42%. [11] [12] [13] The benefit in response rate with chemotherapy did not translate to prolongation of PFS compared with historical controls, although such comparison is difficult in view of heterogeneity between studies and patient populations. In addition, significant cumulative toxicities associated with systemic chemotherapy use limit its long-term usage. Peptide receptor radionuclide therapy (PRRT) is an emerging treatment modality and could be a promising new treatment option for advanced, progressive somatostatin receptor-positive midgut NET. 14 However, its use remains investigational and limited information is available on long-term safety of PRRT.
In the past 6 years, everolimus (Afinitor, Novartis Pharmaceuticals Corporation [East Hanover, NJ, USA]; both as a single agent and in combination with long-acting octreotide) has demonstrated activity in the treatment of a broad spectrum of NET subtypes in various Phase II and III studies. [15] [16] [17] [18] [19] [20] In the recent Phase III, RADIANT-4 study, treatment with everolimus improved median progression-free survival (PFS) by 7.1 months and resulted in a 52% reduction in risk for disease progression or death (hazard ratio [HR] , 0.48; 95% confidence interval [CI] , 0.35-0.67; P,0.00001) compared with placebo in patients with advanced, nonfunctional, progressive lung or GI NET. 21 Everolimus showed consistent treatment benefits across all subgroups analyzed in the RADIANT-4 study; however, the impact of prior therapies on the activity of everolimus in this population is not known. This post hoc exploratory analysis was aimed to explore the effects of prior therapies (SSA, chemotherapy, and radiotherapy) on PFS in patients enrolled in the Phase III RADIANT-4 study and identify any impact of specific treatment sequences on outcomes of everolimus therapy for the treatment of individual patients with advanced NET.
Patients and methods study design
The RADIANT-4 trial was a prospective, double-blind, randomized, parallel-group, placebo-controlled, international, multicenter, Phase III study (ClinicalTrials.gov number NCT01524783). The detailed study design has been reported previously. 21 Patients were randomly assigned, in a 2:1 ratio, to receive everolimus 10 mg/day or placebo in combination with best supportive care. Treatment was continued until documented radiologic disease progression, development of an unacceptable adverse event (AE), initiation of new cancer therapy, or withdrawal of consent. Patients were prospectively stratified according to status with respect to prior SSA treatment (defined as continuous SSA for $12 weeks; receipt vs no receipt), tumor origin (based on prognostic level, grouped into 2 strata: 1) stratum A [better prognosis]: appendix, cecum, jejunum, ileum, duodenum, or NET of unknown primary; 2) stratum B [worse prognosis]: lung, stomach, colon [other than cecum] or rectum), and World Health Organization (WHO) performance status (0 vs 1) at baseline. Crossover was not permitted to open-label everolimus prior to primary PFS analysis if patients in placebo arm experienced disease progression.
In the current post hoc exploratory analysis of the RADIANT-4 study, patients were classified into the following subgroups based on whether they had received previous treatments with SSA, chemotherapy, or radiotherapy (including PRRT) at any time before study enrollment: prior SSA, no prior SSA, prior chemotherapy, no prior chemotherapy, prior radiotherapy, and no prior radiotherapy. The efficacy and safety of everolimus compared with placebo were assessed in each of these subgroups. Additional subgroups analyzed were the following: 1) everolimus as first-line treatment, which includes patients with no prior medical treatments (eg, SSA, chemotherapy, hormonal therapy, radiotherapy, targeted therapy) with or without prior surgery excluding other local surgeries (eg, biopsy, radiofrequency ablation, transarterial embolization, selective internal radiotherapy, percutaneous ethanol injection, and cryoablation); 2) everolimus as second-line treatment after prior SSA includes patients with only prior SSA and no other medical treatments (eg, chemotherapy, hormonal therapy, radiotherapy, targeted therapy) with or without prior surgery excluding other local surgeries.
ethics
The protocol was reviewed and approved by an independent ethics committee or institutional review board (IRB) at each participating center and all patients gave written informed consent prior to participation. The list of each approving ethics committee and IRB is provided in Table S1 . The study was conducted in accordance with Good Clinical Practice, the principles outlined in the Declaration of Helsinki, and local regulations.
Patient population
Adult patients (18 years or older) with histologically confirmed well-differentiated (grade 1 or 2 according to the 2010 WHO classification), 22 advanced, nonfunctional lung or GI NET and radiological documentation of disease progression within 6 months before randomization were eligible for inclusion. Additional key inclusion criteria included the presence of measurable disease according to Response Evaluation Criteria In Solid Tumors (RECIST) criteria 23 1.0 using multiphase computed tomography or magnetic resonance imaging for radiological assessment, WHO performance status of 1 or lower, and adequate bone marrow, renal, and hepatic function. Patients previously treated with SSA, interferon, one prior line of chemotherapy, and/or radiation therapy (including PRRT) were eligible for inclusion if disease progression was documented during or after their last treatment. It was also necessary for patients to have discontinued antineoplastic therapy for $4 weeks (6 months if PRRT) before randomization.
Patients were excluded if they had a history of or presented with carcinoid syndrome, poorly differentiated histology, or pNET. Concomitant SSA were permitted if the patients developed symptoms of carcinoid syndrome, which could not be managed by standard therapy (eg, loparamide). The change in functional status and the use of concomitant medications was documented. Patients who received .1 line of chemotherapy; prior therapy with mammalian target of rapamycin (mTOR) inhibitors (sirolimus, temsirolimus, or everolimus); hepatic intra-arterial embolization within 6 months, or cryoablation or radiofrequency ablation of hepatic metastases within 2 months of randomization; or chronic treatment with corticosteroids or other immunosuppressive agents were also excluded.
statistical analyses
In this post hoc exploratory analysis, efficacy assessments were conducted on the full analysis population, which was composed of all randomly assigned patients. All patients who received $1 dose of the study drug and who had $1 postbaseline safety evaluation were included in the safety population.
The median PFS as well as the 25th and 75th quartile were estimated using the Kaplan-Meier method and presented along with 95% CIs. HRs and corresponding 95% CIs were calculated using unstratified Cox proportional hazards model.
Results

Patient demographics and disposition
In the RADIANT-4 trial, 302 patients with advanced NET were randomly assigned to everolimus 10 mg/day (n=205) or placebo (n=97). 21 ). Prior radiotherapy arm also included PRRT (n=19; 15 patients in everolimus and 4 in placebo arm). A total of 5 patients (4 in everolimus and 1 in placebo arm) received concomitant SSA. A change in functional status was observed in 17 patients (10 in everolimus arm and 7 in placebo arm).
Baseline demographics and clinical characteristics of patients in different subgroups were similar (Table 1) . Overall, the primary tumor sites were GI (58% of patients; including ileum, rectum, jejunum, stomach, colon, submit your manuscript | www.dovepress.com
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Buzzoni et al duodenum, cecum, appendix, and other sites identified by investigators as GI), lung (31%), and NET of unknown primary (11%). The GI subgroup was further categorized into midgut NET (38% of patients; included primary tumors originating in the duodenum, small intestine [ileum and jejunum], cecum, appendix, and other origins identified by investigators as GI, mostly from small intestine) and nonmidgut NET (20% of patients; primary tumors originating from stomach, colon, and rectum). More than 60% of patients had well-differentiated (grade 1) disease, .70% had WHO performance status of very good (ie, zero [0]), and the majority (80%) had liver involvement. A total of 163 patients received prior SSA for any duration (most common SSA received were long-acting octreotide in 126 patients and lanreotide autogel in 23 patients). The median duration of prior exposure to SSA in all patients was 15.0 months (range, ,0.1-103.5) and was similar in both treatment arms (Table 2) Of the 157 patients who received prior SSA continuously for at least 12 weeks, 96 had GI as primary tumor origin, which included 67 patients with midgut NET and 29 with non-midgut NET.
Eighty-five patients received everolimus as a first-line treatment, which include patients with no prior medical treatments (eg, SSA, chemotherapy, hormonal therapy, radiotherapy, targeted therapy) with or without prior surgery excluding other local surgeries. The number of patients who received everolimus as second-line treatment after prior SSA (only SSA with or without prior surgery excluding other local surgeries) was 78. 
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Efficacy
As summarized in Table 3 and shown in Figure 1 , median PFS in everolimus arm was superior to placebo arm in all subgroups.
Among patients who received prior SSA for any duration, median PFS assessed by central review was 11.1 months (95% CI, 9.2-13.3) in the everolimus arm vs 4.5 months (3.6-7.9) in the placebo arm. Everolimus was associated with a 44% reduction in the estimated risk of progression (HR, 0.56; 95% CI, 0.37-0.85) in patients who received prior SSA. Among those patients who did not receive prior SSA, the median PFS in the everolimus arm was 9. For patients who were previously treated with chemotherapy, the median PFS was 9.2 (95% CI, 5.6-11.7) vs 2.1 months (1.9-3.7) with everolimus and placebo, respectively, with a 65% reduction in the estimated risk for progression (HR, 0.35; 95% CI, 0.19-0.64) in the prior chemotherapy subgroup. In the chemo-naive patients, the median PFS for everolimus was 11.2 months (95% CI, 9.2-16.6) vs 5.4 months (3.7-9.0) for placebo, with a 40% reduction in the estimated risk for progression (HR, 0.60; 95% CI, 0.42-0.86).
In the prior radiotherapy subgroup, centrally assessed median PFS was 9.2 months (95% CI, 5.6-20.9) for everolimus vs 3.0 months (1.9-7.9) for placebo, corresponding to a 53% reduction in the estimated risk for progression (HR, 0.47; 95% CI, 0.24-0.94). Among patients who did not receive prior radiotherapy, the median PFS also remained longer with everolimus vs placebo (11.0 months [95% CI, 9.2-13.9] vs 5.1 months [3.6-8.1], respectively) resulting in a 41% reduction in the estimated risk for progression (HR, 0.59; 95% CI, 0.42-0.83).
As reported in Table 4 , everolimus as a first-line treatment was superior to placebo in treatment-naive patients who did not receive any prior medical treatments except surgery. Everolimus had substantially reduced the risk of disease progression or death (HR =0.38 [95% CI, 0.21-0.71]) as a second-line treatment option in patients who received only prior SSA and no other antineoplastic therapies.
The response waterfall plot for patients who did and did not receive prior therapy is shown in Figure 2 . Everolimus was associated with a higher disease control rate compared with placebo (ranged from 75% to 87% in everolimus arm vs 44% to 73% in placebo arm; Table 5 ).
safety
As shown in Table 6 , the incidence of AEs was not substantially influenced by the type of prior therapy, except for asthenia and dyspnea, which were substantially higher in patients with prior chemotherapy and prior radiotherapy, respectively. The safety profile of everolimus generally remained comparable in patients previously treated with PRRT (n=15) vs no prior PRRT, with the exception of a higher incidence of grade 3 to 4 neutropenia (13% vs 1%), noninfectious pneumonitis (7% vs 1%), edema (7% vs 2%), and thrombocytopenia (7% vs 1%) observed in the everolimus Patients for whom the best % change in target lesions was not available and patients for whom the best % change in target lesions was contradicted by overall lesion response of unknown were excluded from the analysis, percentages above use n as denominator. Patients for whom the best % change in target lesions was not available and patients for whom the best % change in target lesions was contradicted by overall lesion response of unknown were excluded from the analysis, percentages above use n as denominator. Patients for whom the best % change in target lesions was not available and patients for whom the best % change in target lesions was contradicted by overall lesion response of unknown were excluded from the analysis, percentages above use n as denominator. Patients for whom the best % change in target lesions was not available and patients for whom the best % change in target lesions was contradicted by overall lesion response of unknown were excluded from the analysis, percentages above use n as denominator. Patients for whom the best % change in target lesions was not available and patients for whom the best % change in target lesions was contradicted by overall lesion response of unknown were excluded from the analysis, percentages above use n as denominator. Patients for whom the best % change in target lesions was not available and patients for whom the best % change in target lesions was contradicted by overall lesion response of unknown were excluded from the analysis, percentages above use n as denominator. 
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impact of prior therapies in raDianT-4 study Table 5 Best overall response by central review (8) 13 (24) 10 (10) 13 (30) 5 (9) 11 (48) 14 (9) 15 (20) 6 (14) 6 (32) 13 (8) 20 (26) 3 (12) 2 (18) Unknown 17 (8) 8 (8) 14 (13) 14 (13) 3 (3) 3 (7) 6 (11) 2 (9) 11 (7) 6 (8) 5 (11) 3 (16) 12 (8) 5 (6) 1 (4) 1 (9) Response analysis, n (%) arm (Table 7) . Most reported AEs were grade 1 or 2. The most common drug-related AEs occurring with a frequency $10% are listed in Table 6 and included stomatitis, diarrhea, fatigue, infections, rash, and peripheral edema.
Discussion
Primary results of the RADIANT-4 study reported a statistically significant prolongation of median PFS by 7.1 months with everolimus compared with placebo (HR, 0.48; P,0.00001) and a 52% reduction of risk in PFS in patients with advanced, well-differentiated, progressive, nonfunctional NET of lung or GI origin. 21 In this post hoc exploratory analysis of RADIANT-4 study, we observed a consistent benefit in PFS among patients receiving everolimus compared with placebo irrespective of the use of prior therapies. Everolimus improved the median PFS by 5.8 months to a total of 8 months and contributed to a 40%-65% reduction in relative risk of disease progression or death compared with placebo in subgroups of patients receiving different prior therapies. Everolimus, used in second-line treatment, substantially prolonged the median PFS by 9.4 months in patients who received only prior SSA.
Recent scientific advancements and results from several pivotal clinical trials have transformed our understanding of NET and have changed the treatment paradigm. As the number of available treatment options is increasing for patients with advanced NET, it will become of critical importance to select the treatment based on multiple factors. In addition, since most patients will experience disease progression at some point, an important consideration will be the optimal treatment sequence for these patients, which is currently unknown.
Current evidence-based treatment options for NET include SSA, the mTOR inhibitor everolimus, the multiple tyrosine kinase inhibitor (TKI) sunitinib and PRRT with 177 Lu-Dotatate. SSA have been an established treatment option since 1980 for effective management of carcinoid syndrome in functional NET. More recently, in 2 placebocontrolled Phase III trials, SSA have also demonstrated antiproliferative activity in patients with low-grade (grade 1) midgut NET 10 and in patients with low-to intermediategrade (Ki-67,10%) enteropancreatic NET. 9 Although SSA were not investigated in gastric or lung NET and their effect remains unclear, SSA use in the absence of any approved drugs could be justified if the tumor is of low grade and expresses the somatostatin receptors (SSTR). 24 In addition, SSA have also demonstrated a long-term favorable safety profile, and hence, may qualify as a first-line therapy in different types of NET. Until the availability of novel targeted therapeutic agents in 2011, streptozotocin-based chemotherapy, either in combination with 5-fluorouracil or doxorubicin was an established treatment option for advanced pNET. Different retrospective studies have reported response rates ranging from 25% to 42% that support streptozotocin-based chemotherapy activity in the era of novel targeted drugs, particularly in grade 2 (G2) progressive pNET with higher tumor burden. [11] [12] [13] Temozolomide-based chemotherapy, either as monotherapy or in combination with capecitabine or bevacizumab is an alternative regimen in pNET based on the data from limited number of retrospective studies with response rates of 30%-70%. 26 There is very little evidence to support the use of chemotherapy in non-pNET. 27 PRRT utilizing various radionuclides such as 111 Indium, 90 Yttrium, and 177 Lutetium, has been used for 15 years in many and mostly single-center uncontrolled trials in different types of NET; however, recently, in the first randomized controlled Phase III NETTER-1 trial, 177 Lu-Dotatate in combination with long-acting octreotide demonstrated a significant prolongation of PFS compared with high-dose octreotide (60 mg/month) in patients with advanced midgut NET.
14 The expression of SSTR is an essential criterion for the administration of PRRT, and hence, its use remains limited to a selected subgroup of patients. In addition, there is an increased risk for long-term renal and bone marrow toxicity, as well as a low risk for development of therapyrelated myeloid neoplasms. 28, 29 Currently, approved targeted drugs in NET are sunitinib and everolimus. Everolimus has been more extensively studied in NET and has demonstrated activity across a broad range of NET subtypes from lung to the rectum. 20, 21 Sunitinib is an approved therapy in progressive pNET. 30 Despite some efficacy of novel TKIs (pazopanib, axitinib, cabozantinib) reported in Phase II trials, there is no definite evidence of efficacy of TKIs in NET of non-pancreatic origin. 31 The safety and tolerability of everolimus in this present subgroup analysis are consistent with the overall RADIANT-4 study population. The most frequent AEs reported with everolimus were grade 1 to 2 in severity and included stomatitis, diarrhea, fatigue, infections, rash, and peripheral edema. 11%  13%  0  62%  8%  21%  0  59%  16%  5%  0  64%  7%  23%  0  24%  6%  0  0  34%  8%  21%  3%  27%  2%  11%  0  32%  9%  18%  3%  32%  2%  22%  0  30%  4%  25%  1%  30%  2%  26%  0  31%  4%  24%  1%  28%  9%  4%  0  29%  6%  4%  0  32%  9%  0  0  29%  6%  5%  0  24%  0  4%  0  28%  1%  9%  0  30%  0  0  0  27%  1%  10%  0  19%  0  0  0  28%  3%  5%  1%  30%  7%  0  0  25%  1%  5%  1%  21%  4% 
that would preclude its use in patients who received specific prior therapies and most of the everolimus-related AEs were manageable through dose modification or interruption without altering the duration of treatment. As suggested by Berardi et al in a small, retrospective study of 116 patients, cumulative dose and dose intensity of everolimus are prognostic factors for efficacy, and hence, everolimus treatment should be continued in patients who are responding to everolimus despite delays or treatment interruptions. 32 A population-based, retrospective, multicenter study from Italy suggested that everolimus use after PRRT and/or cytotoxic chemotherapy may increase the overall toxicity of everolimus. 33 In this analysis, the greater incidence of grade 3 to 4 neutropenia, noninfectious pneumonitis, edema, and thrombocytopenia reported in the prior PRRT subgroup of this study may be related to prior use of PRRT. In general, the safety profile of everolimus in this analysis was comparable, regardless of specific prior therapies, including PRRT (although the numbers of patients who received prior PRRT were very small [n=15]) and had a similar safety profile to a smaller retrospective study from the Netherlands. 34 It is important to note several limitations of the present analysis, including the small sample size for some of the subgroups, the imbalanced patient numbers between treatment groups, and the retrospective nature of the evaluation. However, consistent improvements in PFS with everolimus were observed across all subgroups similar to primary results of the RADIANT-4 study. As an exploratory analysis, it is not powered to support conclusions regarding treatment outcomes, and hence, the results should be considered with caution.
Currently, due to the lack of definite treatment predictors, treatment decisions are made by clinical judgment and pathological criteria. Newer evidence-based treatment strategies have changed the treatment landscape for NET, but the ideal treatment sequence that can be provided to patients remains unknown.
Conclusion
Given the growing number of therapeutic options becoming available, it is important to select therapies based on treatment goals individualized to the patient. The present RADIANT-4 subanalysis demonstrates that everolimus improved outcomes for patients with advanced, progressive, nonfunctional lung submit your manuscript | www.dovepress.com
Dovepress
5026
Buzzoni et al or GI NET regardless of the use of prior therapies and suggests the potential for its use in treatment-naive and previously treated patients. The safety profile of everolimus was not impacted by the use of prior therapies and was similar to that reported for the overall analysis population.
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